Abstract. This paper proposes a novel skeleton extraction algorithm of Chinese characters in picture. In the algorithm, we extract the strokes of horizontal (vertical) strokes firstly based on the definitions. And then, we get the intersection points among the stroke skeletons by extending the contour line. Finally, we thin other strokes based on the maximum inscribed rectangle discriminant and thinning algorithm. And the whole skeleton of Chinese characters is extracted.
Introduction
Character thinning, which stripped the pixel point of the character contour to make it becomes a single-pixel-width thinning image that called skeleton [1, 2] . Character thinning is widely used in image analysis, information compression, feature extraction, pattern recognition and so on [3] . At present, many algorithms have been used to extract the skeleton of character, which can be divided into 3 categories [2] : symmetrical axis analysis method [4, 5] , thinning method [6] and shape decomposition method [7, 8] . Nevertheless, some deficiencies such as high computational complexity, instability of the extraction of skeleton, skeleton fracture still exit.
In this paper, the maximum inscribed rectangle and character thinning algorithm are used to extract the skeleton of Chinese characters in picture, based on the features of the horizontal (vertical) strokes.
Thinning Algorithm of Characters in Picture Basic Concept
Assume that the gray matrix which corresponds to the Chinese character in picture is n m A × , and the concepts involved in this paper are defined as follows:
1. Character point：In the picture, the Chinese character consists of several points, which are called character points. Similarly, the points that make up the background are called background points. The total number of character and background points is m n × . 2. Row (Column) neighbor: Suppose that the cell corresponding to row i , column j in the matrix A is a character point, and if d 2 connected cells on the left (right) of the row which most connected to the character point are also character points, then the connected cells are called the left (right) row neighbor of the character point. If the nearest d 2 connected cells centered on the character point in the same row are also character points, then call them as the symmetric row neighbor. Left, right, and symmetric row neighbors collectively referred to as the row neighbor. Similarly, we can define column neighbor. Take 3 d = , then the row neighbor as shown in Fig.1 , and the shaded cells are the character point and the gray cells are their row neighbors. Then call it inscribed rectangle of the stroke. The largest one of the inscribed rectangles is called maximum inscribed rectangle.
7. Neighbor: For a character point, call the adjacent eight cells as its 1-neighbor (referred to as Neighbor), and the area covered by these neighbors is called 1-neighborhood (referred to as Neighborhood). Expand the neighborhood by one cell, then get the 2-neighborhood of the character point. The cells in 2-neighborhood are called 2-neighbors.
Algorithm Ideas and Main Processes
Horizontal (vertical) strokes are common strokes of Chinese characters which are easy to identify and extract its skeleton and so on. So, we can first identify the horizontal (vertical) strokes of the character to get its skeleton, then extract intersection according to the connection features of the horizontal(vertical) strokes and other strokes, then take the intersection as starting point and use the thinning algorithm to extract skeleton of other strokes which connect with the horizontal (vertical) strokes, and use the maximum inscribed rectangle and thinning algorithm to extract the skeleton of rest strokes to get the whole skeleton of the Chinese character. The main steps of the algorithm are as follows:
1. Variable initialization, parameter assignment. 2. Based on connectivity, partition Chinese characters in picture. 3. For Connected character block number k = 1 to the total number of character blocks K do 4. Identify all the horizontal and vertical strokes, and thin it. 5. Use adjacent point fitting method to extend the contour lines of rest strokes intersected with the horizontal (vertical) strokes, and get the intersection regions.
6. Calculate the coordinates of intersections, and get each intersection. 7. Take the intersection as starting point, use the maximum inscribed rectangle and thinning algorithm to thin the strokes, then get the skeleton.
8. Combine every skeleton to obtain the skeleton of the character block 9. End for 10. Output the thinning image of each character block, and get the skeleton of the Chinese characters in picture.
Horizontal (Vertical) Strokes Identification
The width of the horizontal (vertical) strokes is relatively stable, the noise points is less, and the geometric features are obvious and easy to thin. Moreover, the proportion of these two strokes in Chinese characters is larger, which is helpful for the extraction of the whole skeleton. The steps of identifying horizontal (vertical) strokes are as follows:
Step1: Based on the definition of the horizontal (vertical) points, search for all the horizontal (vertical) points in picture;
Step2: Gather together horizontal (vertical) points, then get some horizontal (vertical) point blocks based on the connectivity.
Step3: Based on the definition of horizontal (vertical) strokes, the non-horizontal (vertical) strokes in the point block are eliminated, and the horizontal (vertical) point blocks and the stroke width of the Chinese character are obtained;
Step4: For each horizontal (vertical) stroke, according to its width, get its center line. If there are two center lines, select one of them as the center line of the stroke according to the horizontal up and vertical right principles.
Intersection Identification
Intersections Identification of Horizontal (Vertical) Strokes and Other Strokes. Some of the strokes intersect horizontal (vertical) strokes in the Chinese characters, the intersection should belong to both the strokes and horizontal (vertical) strokes. When the horizontal (vertical) strokes is removed, these character points that are removed accordingly should be made up. On the basis of the existing character points set, the fitting polynomial is constructed based on the contour feature of the strokes, and the above character points are supplemented. In addition, there are some character points in the stroke, and their cells in the previous row (column) or the next row (column) are horizontal (vertical) points, which are the connection points of the stroke with horizontal (vertical) strokes and we can identify them according to the feature. The main steps of intersection identification between horizontal (vertical) strokes and other strokes are as follows:
Step1: For each other stroke character point set, the contour point is searched based on the definition, and the contour line of the stroke is obtained.
Step2: Based on the feature of the connection points, search for the connection points of other strokes and horizontal (vertical) strokes, and get connection line of two-character blocks.
Step3: Search for the intersection of the connection line and the contour line, and use the intersection to coordinate with its adjacent contour points to perform the polynomial fitting to obtain the fitting function of the two contour lines.
Step4: The new contour points are generated by the fitting function in turn. When the obtained contour point is the center line point of the horizontal (vertical) strokes, the search ends.
Step5: The midpoint of the center line taken as the endpoint of the two fitting contour points is the intersection of the two intersection regions.
When the horizontal stroke and the vertical stroke intersect, it should firstly identify their intersection in the process of identification. When there are two or more strokes and horizontal (vertical) strokes intersect, we can first identify the intersection of one of the strokes and horizontal (vertical) stroke, then judge whether the intersection is within the range of the fitting character points of other strokes. If yes, this point is taken as their common intersection. Otherwise, the intersection between them are respectively identified by the above method.
In addition, the center line of the horizontal (vertical) stroke is divided into at least two sections by the intersection after the intersection is determined, and if the endpoint of the shorter section is still the intersection or its length is larger than d 2 , no processing is required. Otherwise, it is regarded as a noise point and to eliminate.
Intersection Identification between Other Strokes. Other strokes, such as left-falling and right-falling stroke, are relatively difficult to identify their intersections because of their own many noise points. However, when the two strokes intersect, these noise points overlap each other, widening their width. So, in the intersection region of two strokes, the inscribed rectangle is larger than the non-superimposed area. And the maximum inscribed rectangle exists in the intersection region. The center of the maximum inscribed rectangle is the intersection. Therefore, we can identify the maximum inscribed rectangle of a connected set of character points, and take its center as the skeleton point. When the inscribed rectangle is in the intersection region between strokes, this point is the intersection. Otherwise, it is determined that this character point set has no intersection region, and this point is only a general skeleton point.
The following steps are performed in turns for all character points in the character point set:
Step1: Search for its neighbors to determine if all their neighbors are character points. If yes, calculate the area of the maximum inscribed rectangle, go to Step2; otherwise, exclude this point.
Step2: The neighborhood in turn up, down, left, right four directions by adding a cell, get a new neighborhood, go to Step3.
Step3: For the four neighborhoods, the neighbors are searched respectively to determine whether all the neighbors are character points. If there exists a neighborhood, all the cells contained in it are character points, then take it as the maximum inscribed rectangle, delete rest neighborhoods, and update the largest inscribed rectangle region, and go to Step2. Otherwise, the corresponding points are excluded. When all the character points are ruled out, go to Step4.
Step4: Take the center of the current maximum inscribed rectangle as the skeleton point (which may be the intersection), and then use this point as a starting point, and use the thinning algorithm to extract the skeleton of the corresponding stroke.
Thinning Algorithm
After confirming the intersections of intersected strokes, starting with the intersection (or the skeleton point in Section 2.4.2), we can search for the character points with the maximum number of neighbors in turn and extract the skeletons of the strokes. The detailed steps are as follows:
Step1: Record the original character point set as the current skeleton point set, with the starting point as the current skeleton point, then enter Step2.
Step2: Search eight neighbors of the current skeleton points, and if there are neighbors belonging to the current set of character points, calculate the number of neighbors in the current set of character points of the neighbor, and take the neighbor characters corresponding to the maximum number (can be more than one) as the next skeleton point, and delete the remaining neighbors, go to Step3; Otherwise, go to Step4.
Step3: Take the resulting skeleton point as the current skeleton point, starting from this (or each of these) skeleton points and executing Step2.
Step4: Compare the current skeleton point set with the resulting skeleton point set, if the two sets are equal, then take the starting point as the current skeleton point, and go to Step5. Otherwise, update the current skeleton point set, take the starting point as the current skeleton point, and go to Step2.
Step5: Search for the neighbor of the current skeleton point. When the number of the neighbors is only one, take it as the current skeleton point, go to Step6. When it is more than one, search for its 2-neighbor and regard the direction of the skeleton point in 2-neighbor as the direction of the next skeleton point, choose the nearest neighbor in this direction from many neighbors as its skeleton point, delete the other neighbors, go to Step6. When it has no neighbors, the thinning algorithm is over.
Step6: Run Step5.
Experimental Examples
In order to test the validity of the skeleton extraction algorithm of Chinese characters in pictures, we extract the skeleton of the Chinese characters "李" in Figure 2 (a). Combined with the main steps in this paper, the corresponding images after processing are shown in Fig.2 . In the experiment, we take 3 d = , take first order polynomial as the fitting polynomial, and fit based on the five contour points of the nearest neighbor connection point. In Figure 2(b) , the light-gray-grids indicates the horizontal (vertical) strokes, deep-gray-grids indicates the center line of the horizontal (vertical) strokes. In Figure 2(c) , the gray grid represents the contour points of the strokes except the horizontal (vertical) strokes, the grid with deep-gray "X" represents connection points, the grid with light grey oblique line represents the new contour points formed by polynomial fitting, the grid with a white line represents the intersections. There are five intersections.
The skeleton extracted by the algorithm in this paper as shown in Figure 2(d) . The original connectivity of Chinese characters strokes is guaranteed, and there are non-redundant character points in the skeleton, non-bifurcation in the endpoints of each stroke, non-deformation in the intersection region between strokes. The extracted skeleton meets all the requirements of the skeleton extraction [1, 2] , and the algorithm is effective.
Conclusions
In this paper, an effective identification algorithm is proposed to extract the skeleton of Chinese characters in picture. In the algorithm, firstly, we effectively identify the horizontal (vertical) strokes with higher proportion in Chinese characters, and extract the center line. For other strokes intersected with horizontal (vertical) strokes, the intersection of intersection regions is obtained by polynomial fitting. Finally, the maximum inscribed rectangle discriminant and thinning algorithm are used to thin the rest of the strokes, and the whole skeleton is obtained. The effectiveness of the proposed algorithm is demonstrated by the Experimental results.
